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A SEMIQUANTITATIVE SPECTROGRAPHIC METHOD FOR THE

ANAIYSIS OF MINERALS, ROCKS, AND ORES (11)*
by

C. L. Waring and C. A, Annell

ABSTRACT

The scope of the semiquantitative spectrographic method for
-the analysis of minerals, rocks, and ores previously described as
dstermining 55 elements, has now been increased to 68 elements which
can be estimated in one exposure of a 10-mg sample. Fluorine, the
69th element, requires a separate exposure for some materials., The
method has been used to complete about 185,000 determinations in
the past two years. Listed in this report are 336 chemical check
enalyses that indicate approximately 8 percent disagreements in
the magnitude of one 10 percent bracket. No chemical and spectro-
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graphic results differ by a factor of more than 10.

#This report concerns work done on behalf of the Division of
Raw Materials of the U. S. Atomic Fnergy Commission.



INTRODUCTION

In the program of investigating radioactive minerals, rocks, and
ores conducted by the Geological Survey on behalf of the Atomic Emergy
Commisaion, it is often desirable to know the trace-elements content
and the mﬁjor constituents of a very large number of samplés in a limited
time.

Trace Eiements Investigations Report 143, "A semiguantitative
.spectfcgraphic method for the analysis of minerals, rocks, and ores,"
by C. L. Waring and C. A. Annell, presents a procedure for the rapid
analysis of solid samples of varied constituents. These investigations
are being continued in order to afford reliable basic data leading to
better analytical metheds applicable to these diversified materials.

The purpo?e'of this paper is to describe advances in the semi-
quantitative méfhod which have resulted in increasing the number of
elements determined from 55 to 69 (see tables 1 and 2) and to compare
chem;cal and spectrographic analytical data on a large number of samples.

The method has been applied to the following materiels:

Minerals
Allanite Galens ‘Samarskite
Apatite Garnet Scheelite
Averlite Hewettite Schroeckingerite
Bastnaegite Huebnerite Sphalerite
Betafite Hummerite Sphene
Bostonite Idocrase Thorite
Brannerite Magnetite Torbernite
Carnotite Mertite Uraninite
Chalcopyrite Melilite Urancthorite
Corvusite Microlite Uranophane
Cyrtolite Monazite Vanoxite
Davidite Montroseite Volborthite
Euxenite Perovskite Zippeite
Feldspars Pitchblende Zircom
Fergusonite Pyrite



Rocks o : Miscellaneous
- Clays Arsenic triopxide
Coal ash Bone fragments
Granite Cadmium furnace residue
Leach products Carnctite ore mill pulps
Lignite ash Cottrell dust
Limestone Various precipitates
Pegmatites Nickel alloys
Phosphate rocks Phosphoric acid residues
Sandstones Sea~water residues
Shale Slags
Sulfur ores Tap~ and mine-water
residues

The authors wlsh to express appreciation to their associates
of the Geclogical Survey, especially to F. S. Grimaldi and his group
of chemists, for the chemical analyses and to Helen Worthing for

Performing part of the spectrographic analyses.
DISCUSSION

No significant changes, except the addition of elements, have been
introduced into the method since the original deécription.

The estimetion of fluorine requires a separate exposure on samples
of low calcium content. Two milligrams of calcium as calcium chloride
solution are added to the electrodes and dried prior to loading the sample.
The addition of calcium aids in the formation of the caleium fluoride
molecule which produces the molecular band effect recorded by the photo-
graphic emulsion.

In analyzing.the minerals euxenite and samarskite a Z2-minute arcing
time instead of the customary l-minute period gives higher accuracy for

such elements as Cb, Ta, Er, and U. Thege and other elements or their



compounds having high boiling points constitue over 50 percent of the
weight of the two minerals and therefore require a longer arcing time
to vaporize into the arc stream.

The time required for an amalysis varies with the type of material
under test and the skill of the analyst. A trained person can complete
the analysis of 1l samples (300 elements) of phosphate rock in 16 hours.
However, this rate of speed is not recommended as a daily practice as
eye fatigue may result. Samples producing more complicated qpectra require
additional time. Analysis time on 14 samples is broken down approximately

as follows:

Quarter and weigh samples and proper references 4 nr
Exposure 1% hr
Development 45 min
Plate interpretation . 10 hr

The ease or difficulty with which a spectrum can be analyzed will
depend upon the number, kind, and quantity of elements present in the
sample. Samples containing relatively large amounts of the transition
elements often give very complex spectra with heavy backg:ound. For
‘some materials this results in serious interference with good analysiaﬁ
lines of the less abundant elements and necessitates referring to less
sensitive lines. This procedure may involve similar scrutiny for a
large number of elements and thus prolong the analysis.

Additional testing will be necessary to explain the following
observed effects:

1.0 percent Ni in calcium matrices seems to be enhanced,



10.0 percent Ni in calcium phosphate matrices seems to be depressed,
1.0 percent Ni in feldspar matrices seems to be depressed, and
slightly enhanced at less than 1.0 percent.

In schroeckingerite Ca and U seem to be depressed.

RESULTS AND TABLES

The methoé’has feen used to complete about 185,000 determinations
during the past two years. Comparisons of chemical and spectrographic
results for 336 ﬁeterminations are shown in tables 3 - 13. The dis-
agreements areyﬁpproximately 8 percent in the magnitude of one bracket.
Approximetely ¥ percent of the disagreements are regarded as borderline
cases because of'doﬁﬁt as to which o: two adjacent brackets an element
belonged. |

Noted in the chemical analyses were several disagreements especial-
ly for the following elements: FPb, Mn, Mg, V, Al, Fe, Na, Zr, and Ca.
Standard plates for these elements have been remade and better agree-

ment with the chemical analyses has been observed.
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Table l.--Standard sensitivities for the elements determined
by the semiquantitative method.l/

Note: It is possible to detect some elements below the
values listed, as the standerd reference plates were prepared

on the basis of 10 percent increments.

Percent

Ag - 0.0001 Mo -
Al - 0.0001 Mn -
Az - 0.1 Na =
Au - 0.01 N -
B - 0.001 NL -
Ba - 0.0001 Os -
Be - 0.0001 P -
Bi - 0.001 Pb -
Ca -~ 0,001 Pd -
Ct - 0.01 Pr -
cd - 0.01L Pt -
Ce - ©C.1 Rb -
Co -~ 0.0L Re -
Cr - 0.001 "Rh -
Cs . 0.12/ (1.0) Ru -~
Cu - 0.0001 - Sb -
Dy =- 0.0L se -
Eu -~ 0.01 Si -
Er - 0.01 Sm -

F - 0.13/ Sn
Fe - 0.001 Sr -
Ga - 0.01 Ta -
Gd - 0.01L ™ -
Ge - 0.001 Te -
Hf - 0.1 : Th =~
Hg - 0.1 TL -

Ho - 0.01 T1
In - 0.001 Tm =
Ir - 0.1 ‘ v -
K - 0.012/ (1.0) v -
. la - 0,01 W

Li - 0.0001 2/ (6.1) Y
n - 0.01 Yo -
Mg -~ 0.0001 Zn -
Zr =

1/ Better sensitivity for many of these
special methods. .

Percent
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elements may be obtained by

2/ A second exposure is required for the high semsitivity listed.

3/ A third exposure is reguired for the

fluorine éstimation.



Table 2.--Arc lines used in the semiquantitative method

1l

. Wave _ Wave . . Wave
Element lengths Element lengths Element lengths
(in A) (in A) ' (in A)
Ag 3382.9 ca - 3466,2 Eu 2727.8
' 3280.7 3261,1 2813.1
276%.9 2814,0
Al 3092.7 2288.0 2816.2
3082.2 2906.7
3059.9 Ce Lb222.6 L)=35.6
2660 .4 4186.6
2652.5 Loko.T F (CaF band) 5291.0
2575.1 Lhoi2.4 6036.9
2568.0 606k .4
Co - 3465.8
As - 2780.2 345%.5 Fe 3100.31
2349,8% 3khg.2 3099.97
2288.12 3405.1 3099.9
3283.5 3020.65
Au 2352, 7 3243 8 2599 .4
2428,0 2598.38
2676.0 cr 4289.7
3122.8 Lo7h 8 Ga 294k 2 .
Losk, 3 2B7h.2
B 2497.8 2780.7
2496.7 2769.9 - Gd 3671.2
2731.9 3646,2
Ba 535 .55 3358.6
554 .04 Cs 8521.1 3082.0
3071.6 459%.0 .
4555.5 Ge 3039.1
Be 3321.3 33474 2691.4
2348.6 %U7.5 2651.2
Bi 3067.7T Cu 3274 .0 HE 3134.7
2897.9 3247.6 3072.8
2824 .4
Ca Lus56.6 2hgo,2 Hg 4358.3
4226,7 2293.9 3650.2
3179.3 %125.6
3158.9 Dy 3645.42 2536.5
‘ 345k .33 .
() 33584 3407.8 Ho 3399.0
3094 .2 3393.58 3416.5
2875.5. 3453.1
Er h19.6 3456.0
3499.1 Losh &

3372.8




Table 2.--Continued

Wave Wave Wave
Element lengths Element lengths Element lengths
_(in A) (in A) . (in A)
In ks11.3 Mo k251.9 Pt ko 6
%256 .09 3194 ,0 3064.7
2710.3 3170.4 3042.6
2816.1 2659.4
Ir 2664,.8
28k9.7 Na 5895.9 Rb 4215.6
2924.8 5890.0 %201.8
3220.8 3302.9 3350.9
3302.3 7800.2
K 7698.9 TOUT.6
T664.9 Nd 4325,8
hokT.2 4303.6 Re 3460.5
holk,1 3328.3 346k, T
37,7
- 3hhE 4 Ni 3492.9 Rh 3280.5
3433.6 3283.6
La 4h29.9 341k, 3396.9
4333 .8 3002.5 3434.9
3380.9 2320.1 4z74.8
3337.5
Os 2909.1 Ru 2810.0
1i 6707.9 3058.7 2810.6
3232.7 3301.6 3408.3
2741.3 3436.7
P 2554.9 Lk297.7
Iu 2613 .4 2553.3
26154 2535.7 Sb 3267.5
2619.3 253%.0 2877.9
3911.4 2508.1
3198.1 Fb 2873.3 2528.5
2833.1 2311.5
Mg 4351.9 2663 .2
‘ 2852.1 2614 .2 Sc 3911.8
2795.5 3907.5
2779.9 Pd 2763.1 3369.0
2776.7 311%.0 3019.3
3242, 7 2552.4
Mn 2798.3 3421,2
2605.7 3634.7 Si 2987.7
2593.7 2881..6
2576.1 Pr ka2l .0 2528.5
4225.3 2524 .1
4206.7 2516.1



Table 2.~~Continued
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2837.3

Wave Wave Wave -
Element lengths Element lengths Element lengths
(in A) (in A) , (in A)
Sm b2k 4 Ti 3372.8 v 4379.2
kas56.4 . | 3242.0 3185.4
3239.0 3184.0
Sn 3262.3 32345 3185 .4
2863.3 32242
2839.9 W 4302.1
8r 4607.3 - 3529.4 3049.7
34645 3519.2
3351.3 2767.9 Y 3242,3
2569.5 2379.6 3195.6
Ta Ls7h,.3 Tm 3131.3 Yo 2653.7
3642,1 3133.9 2891 .4
3311.2 3362.6 3107.
3462.2 3289.
b 289 'i Lok2,2 3988.0
324,
278.5 U . 4287.9 Zn 4680.1
- 4%18.9 Lakl.7 33L45.0
3566.6 3302.6
Te 2383.3 2837.328 3282.3
2385.8 2837.187
- . Zr 3256.6
Th 4619.5 3438.2
' 4019.1 3391.9
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Table 3.--Comparison of chemical and spectrographic analyses

. e,

for phosphorug of yarious phosphate rocks (chemical re-

sults as oxides converted to element).
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Tavlie 3.--Continued.

X

0.1 percent.

S Sample Percent P Percent P
a43 no. 2/ chemical gpectrographic
g A

)

03 ThM3 16.0 10.+
558 Mk 16.0 10.+

g g 5 M5 %6.2 10.+

Ee& - M6 5.8 10.+

) g,,g ﬁg .1.2.h 10.+

i ¥ 16.0 10.+

8 % g M9 16.1 10.4+
el MLO 16.7 10.+

= R MLL 16.0 . 10.+
"é 3 *é fé M2 16.0 10.+
goba N-1 16.0 10.+

e} Gy r,Nw-Q 16.5 10.+
aqs@; " N-13 10.4 1.0 - 10.
2] o]
FEE

na 8
o M-1-A 3 0.2% 0.1 - 1.0

% .gé’ L M-1-B 2 . 0.07 Mot detiected 4/
= b ,811; M~1-C 0.07 Not detected
§88 gﬂ M-2 0.17 Not detected
- M-3 18.22 10.+
28 o *g 5 M-k . 1k.26 10.+
8958 M-5 \17.51 10.+
Ao M-6 11.57 10.+
v a M-T-A 16.%2 10.+

a o9 M-7-B 6.95 1.0 - 10.0
9" oy M-8 16.72 10.+
mip
89863 |

A& SE

!

;- 2/ Lot 669, TWS 173, Lot O, TWS 238

(\ 3/ Lot 535, TS 298

4/ Detection limit of P is a.pproxima.tely
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Table 6.-=Comparison of chemical and spectrographic analyses of s
vanadium mineral (ehemical results as oxides converted to elements).

Red~-brown venadium mineral associated with hummerite, Hummer

mine, Jo Dandy group, Paradox Valley, Montrose County, Colo. This
is probably & new mineral but it is mixed with fine-grained clay from

which it cannot be separated mechanically.

Element Chemical ADW no. 79 1/ Spectrographic
percent pereent

Si 2.5 1.0-10.0

Fe 5.5 1.0-10.0

Mg 2.5 1.0-10.0 |

X 2.0 0.1-1.0

Al 0.5 0.1-1.0

Ne. 1.1 0.1-1.0

Sr 0.6 0.1-1.0

Ca 0.64 0.01-0.1

1/ Tot 0-20, TWS 270, TWC 1hk21




_ ' TpWOrp ‘SpusTquodtd Iesg 38sI) [/
= - HTLY "R°N°S°n ‘femgoN ‘oxaPery woay sTdwes ayTUaIXNE /-
: OpBIOTO) ‘£3unc) 9soajuol ‘outw Apusq of /
IOX MaN ‘Aquno) xassy ‘STTTAPI3SWIO /.
OpPRIOTOD Spﬂdb@ esol ‘suTm Aeq Lel ‘suojyspues FUTIesq-5I0 WOy oTdues payoTd-pusH /
OopeIOTO) ‘A3UNO) 9SOIJUON ‘sufm Apus(q Of ;.
OpBICTO] ‘A3UMOJ SLOIIUON ‘SUTW Yoaa) I933Td
|
+°0T 6°GY 0°0T-0°T 6°0T +*0T °Lle +0T  L°T6
: +°'0T G Ly : :
+°0T *0¢
- 0*1=1"0 <8’
0"T-T°0 2L0°0
_ 0°T-T°0 €2 o +°0T ¢°LTX0-T0°0 +4T0"0 | O°T~T'0 1¢°0 J0°0T-0"T =2g°¢
0°0T=0'T #°8 A .
T°0-T00 L4{0°0 -
0°0T~0"T 9'¢
0°T-T°0 96'0 0°0T-0°T (A4
. jo*oT=0°T €°*¢ T"0-T0°O0 L0OO°O 0°0T-0°T 89
0*0T=0"T 9™ +0T #*fic 0°0T-0°T 88°¢ |T°0~T0°0 €0°0
OTRO0'T T°6 .
o*T-1°0 G2*0 .
0°T-T°0 Lo°o O°T-T°0 #G0°G | O'T-T°0 0T°0 {0°0T-0"T 6G'T
*ouds *weyD oeds "WaYD *oade wdgs *oade ‘W2 *oade "WaYD *oads “W3YD =oads ‘wWaYDO | 3U
/L spusTquestd /8 s3tusxng /G s3t3gemer | © [y eswavopr /€ @10 /2 eyraemmy | /T s3resoxquoN | -a

*(sjuemsT2 03 PIJISAUOCD SIPTXO €8 S3TUSAI ﬁwo.ﬂﬁmnov
go1dmres wﬁovqwdmoomﬁﬂ Jo ssafTeus sB¥evjusoxad oTuderdoxjoeds pus TEOTWSYD JO UOSTIRdWOD-=°) STqR]



22

Table 8.-=Comparison of chemical and spectrographic analyses of
silicate rocks for zirconium (chemical results as oxides converted
to elements).l/

The samples were radioactive Tertlary intrusives associated pitch-
blende deposits of the Central City district, Colorado.

Percent Zr

Sample no. Piigzgzéir spectrographic
P-9 < 0.01 0.001 - 0.01
P -1k 0.1% | 0.01 - 0.1
P =21 0.06 0.1 - 1.0
P - 23A <0.01 : 0.001 ~ 0.01
P - 23R < 0.01 0.001 -~ 0.01
P - 27 . 0.05 0.01 =~ 0.1
P - 29 0.06 0.01 =~ 0.1
P - 9k 0.05 0.00L - 0.01
P - 118 0.10 0.01 - 0.1

1/ Lot 0-50, TWS 336, TWC 1336
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Table 11.--Comparison of chemical and spectrographic percentage
analyses of red and gray clays from the Colorado Plateau (chemical
results- as oxides converted to elements).l/

/
Red and gray clays consisting chiefly of hydro-mica, quartsz,
and clacite from a zone underlying vanadium-bearing ore at Bitter
Creek mine, Montrose County, Colorado.

Element cheﬁfd cla:)srpece chegfay Cl:géc.

Ca 1.7 1.0-10.0 1.8 1.0-10.0
Si 28.0 10 + 30.0 10 +
Fe 3,84 1.0-10.0 1.7 1.0-10.0
Al 5.6 1.0-10.0 b7 1.0-10.0
Mg 2.46 1.0-10.0 2.k2 1.0-10.0
Cu 1.37 1.0-10.0 1.45 1.0-10.0
Na 0.03 0.1-1.0 0.07 0.1-1.0
K 5.0 1.0-10.0 k.6 1.0-10.0
Ti 0.35 0.1-1.0 0.36 0.1-1.0
v 0.0k 0.01-0.1 0.0k 0.01-0.1

1/ Lot 0-20, TWS 118
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Table 12.-- Comparison of chemical and spectrographic percentage
analyses of Hyatt pegmatite samples, Larimer County, Colo. (chemical
results as oxides reduced to elements).;/

Hyatt pegmatite samples from NE1/4NW1/4 sec. 28, T. 6 N., R. T1 W.,
Larimer County, Colorado. Samples from the plagioclase-perthite-quartz
wall zone of the pegmatite. The purpose of analyzing the samples was
to determine the presence in the wall zone of minor elements that crystal-
lized in relative abundance in the next inuner zone.

Flement 36099-A B6099=B B6090-A and B
chemical chemical spectrographic

si 33.8 - 10. +

Al 8.25 8.24 - 1.0-10.0

Na 4.35 4.28 1.0-10.0

K 3.22 3.3 0.1-1.0

Fe 0.50 0.51 0.1-1.0

Ca 0.25 0.2k 0.01-0.1

Mg 0.07 0.08 0.01-0.1

v 0.02 0.02 0.01-0.1

Ti 0.006 0.006 0.001-0.01

Mn 0.031 0.031 0.01-0.1

Ba 0.045 0.045 0.01-0.1

1/ Lot 1521, TWS 316, TWC 1303
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Table 13.--Comparison of chemical and spectrographic percentage
analyses of modern and fossil manatee bones (chemical results: as oxides

converted to elements).l/

Samples Mk, M8, and M12 were fossil manatee ribs from the Bone
Valley formation of Florida. Samples ML3 A and B were modern manatee
rib. The analyses were used to compare the modern and fossil bones.

Sample no. Mg Sr

chem. _Spec. chem. spec.
M-L 0.2 0.1-1.0 0.17 0.01-0.1
M-8 0.82 O.l-l.O‘ 0.14 0.01-0.1
M- 12 0.3 0.1-1.0 0.1k 0.01-0.1
M - 13A 0.6 0.1-1.0 0.13 0.01-0.1
M - 13B 0.6 0.1-1.0 0.14 0.01-0.1

1/ TWS 173, 238, %21, TWC 1256, TWC 1257
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APPENDIX

Composition of standard solutions

The following standsrd solutions were made from compounds and

elements available in the laboratory. Many of the compounds and

elements used were Johnson, Matthey and Co. "Specpure™ grade (J and M).

The compounds were dissolved in distilled water unless otherwise noted.

Element Compound 3
gtandardized used Solution
Ag Agllls, reagent
Al AlClg°6H20, C.P.  Compound dried in oven at 140 C.
and dissolved in cold scidified
Ex0.
As Asp0a, Nat. Bur. 1:1 HNQOs, heated. Diluted to
St. No. 8%a volume with Hz0.
Au Au, metal, Agqua regis. Boiled down several
J and M times with HC1 (conc.) to drive
off HNOx. Diluted to volume with
Es0.
B HzBOz, C.P.
Ba BaClz°2H0, C.P.
Be Be, metsl, Dilute HCL.
J and M
Bi Bi, metal, 1:1 HNOs, diluted to volume with Hz0.
J and M
Ca CaCls°2Ho0,
anal. reag.
Cb Co, metal, - 48 percent HF. Diluted to volume
J and M with HNOg, conc.
cd CdCls 23850, C. P.
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Element Compound .
standardized used Solut;on

Ce CeOp, J and M HoS04, conc., heated to form
amber, Ce(S04)z2. 6 percent
HoS05 added to form colorless
Cez(S04)a. Diluted to volume
with Hz0.

Co CoClg-6Hz0, C.P.

Cr Cr, metal 1:1 HaS504

J and M

Cs CsCl, C.P.

Cu Cu0, reagent Dilute HCl.

Dy Dy20s, J and M 1:1 HC1l. Diluted to volume with Hz0.

Er Erg0s3, J and M 1:1 HC1. Diluted to volume with HgO.

Eu Eug0z, J and M 1:1 HC1l, heated. Diluted to volume
with H20.

F CaClz, C.P. and  Hz0 (2 solutions).

NaF, C.P.
Fe Fe, metal, Dilute HoS04.
J and M

Ga Ga, metal, C.P. Aqua regia. Diluted to volume with
an.

Ge GeOz, C.P. HF, 48 percent. HzS04, conc., added
and heated to drive off HF. Diluted
to volume with Hz0.

Gd . Gdg03, J and M Dilute HC1.

Hf Hf0p, J and M Dilute HpS04, heated and Hz0p, 3
percent, added until dissolved.
Diluted to volume with HpO.

Hg HegClz, reagent

Ho Hop03, J and M 1:1 ECl, heated. Diluted to volume

with Hz0.
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Element Compound.
standardized used Solution
In In, metal, HNOz, conc. Diluted to volume with
J and M Hz0.
Ir Ir metal powder, Fused with 3 parts KOH and 1 part
C.P. KNOg. Fusion dissolved in aqua
regia. Si0p filtered off. Fil-
trate boiled down to small volume.
Crystals of KpIrClg separate upon
cooling and dissolve in Hz0.
K HKCgHa04, Nat.
Bur. Stand.
La Lagz03, J and M Dilute HCI..
Li LioCOg, reagent Dilute HC1.
Iu Iug0z, J and M 1:1 HC1, heated. Diluted to volume
with H0.
Mg Mg, metal, Dilute HC1.
J and M
Mn MnClz"4g,0, C.P.
‘Mo Mo, metal, Aqua regia, heated. Diluted to
’ J and M volume with H0.
Na NaCl, reagent
Na Ndz03, J and M 1:1 HCl. Diluted to volume with
H=0.
Ni. Ni, metal, 1:1 BNOg, heated. Diluted to volume
J and M Wwith Hz0.
Os Os metal powder, Os metal powder heated with aqua
C.P. regid in flask fikted with reflux
o condenser.
P NaH2POy4 *Hz0
: C'PO
Pb Pb(NOs3 )2, C.P.
Pa Pd, wire, J and M

Aqua regia. Diluted to volume with
Hgo »
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Element Compound
standardized used Solution

Pr Prg011, J and M 1:1 BC1l. Diluted to volume with
Ho0.

Pt Pt, sheet Aqua regia. Boiled down several
times with HCl, conc., to drive
off HNOz. Diluted to volume with
Hz0.

Rb RbCl, J and M

Re Re, metal, HNOs, conce. Diluted to volume

Jd and M with Ez0.
Rh RhCly, dry, C.P. Dilute HC1.
Ru (WH, ) RuCls, Hot Hz0.
J and M
Sb Sbls, C.P. Acetone + HC1, dil.
Sc Scz(504)a *5H20,
J and M
:I Si0p, pure NasCOs fusion. Diluted to volume
with Hs0.
Sm Smpls, J and M Dilute HC1.
Sn SnCly ° 2Hz0,
reagent

Sr . SrCQg, reagent Dilute HCI.

Ta Ta, metal., 418 percent HF + HNOs, conc. Diluted
J and M to volume with Hgg.

Tb Tb4O~, J and M 1l:1 HCl, heated. Diluted to volume
with Hz0.

Te HoTeO4°2Ha0, C.P. 136 HNOs, heated.

Th Th(NO3 )4 - ¥H20,

C.P.
Ti Ti0z, C.P. 48 percent HF + Hz0n. HoS04, conc.,

added and heated to drive off HF,
Diluted to volume with Hx0.
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Element Compound
standardized used Selution
Tm Tmglz, J and M 1:1 HCL, heated. Diluted to volume
with Hg0.
Ti TiNOs, C.P.
U (002) (C2Hz02) 2"
2850 C.P.
v NH4VCa, C.P. 1:1 HCl. Diluted to volume with
Ha0.
W W, metal 48 percent BF + HNO3, conc., heat.
Diluted to wolume with HgO.
4 Y2ls, J and M 131 HC) and heat, Diluted to voluwme
with Hgl.
b YbeOg, J and M 131 HCl, heated. Diluted to volume
with Hz0.
Zn ZnQ, resgent Dilute HC1.
Zr ZrOClz* 8420,

C.P.



